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Fig. 1 is an illustration of the shockproof structure according to one embodiment 
of the present invention. 

The shockproof structure has an upper structure 2 composed of multi-layer 
frames constructed on the base I .The lower ends of the connection pillars of the upper 
structure 2 are supported by the vertical support mechanism 3 having the ball-shaped 
rotor. A restoring-attenuating mechanism 4 having resilience and attenuation in 
horizontal direction is inserted between the base beam 2a below the coimection pillar 
and the base 1 . 

Fig. 2 is a cross section view of the vertical support mechanism 3. 

The vertical support mechanism 3 mainly comprises: a lower plate 31 loaded on 
the base 1 and provided with a smooth support surface; a rotor 32 rolling on the 
support surface; a frame 33 transmitting the vertical load from the upper structure 2 to 

the ball-shaped rotor 32 through a plurality of small balls 35; and a upper plate 34 
inserted between the frame 33 and the upper structure 2. 

In order to decrease the friction between the rotor 32 and the frame 33, the small 
balls are disposed between the rotor 32 and the frame 33, so that the rotor 32 can 
freely roll relative to the frame 33 through the rotation of the small ball 35. 

Fig. 3 is a cross section view of the restoring-attenuating mechanism 4. 

In the restoring-attenuating mechanism 4, the steel plate 41 is connected to both 
ends of the elastic cylinder 42 formed by the chloroprene rubber; a cylinder core 
material 43 formed by lead is filled into the central axis position of the elastic cylinder 
42. A plurality of metal enforce material 44 are embedded in the elastic cylinder 42 
along the horizontal direction. 

The elastic cylinder 42 will be subjected to a shearing deformation when the 
upper structure 2 moves in the horizontal direction. Thus, the restoring-attenuating 
mechanism 4 can impart a restoring force to the upper structure by the elastic force of 
the elastic cylinder 42. Accordingly, the vibration in the horizontal direction will be 
decreased through the plastic deformation of the core material 43 formed by lead. 

Such apparatus generally is used for the load in the vertical direction of the 
bearing. In this embodiment, however, the vertical support mechanism 3 shown in 
Fig.2 bears the load in the vertical direction, and the apparatus shown in Fig. 3 is used 
to supply restoring force and decrease vibration. Therefore, the cross section area of 
the elastic cylinder 42 can be greatly decreased compared with the vertical load to be 
supported. In addition, the elastic constant corresponding to the shearing deformation 
will also be decreased, prolonging the vibration period of the upper structure 2. 

Fig.4 is a cross section view of the vertical support mechanism of the shockproof 
structure according to second embodiment of the present invention. 



The upper surface of the lower plate 5 1 of the vertical support mechanism 5 is 
fonned in a concave spherical surface on which the ball-shaped rotor 52 rolls. The 
other components of the vertical support mechanism 5, such as the rotor 52, small 
balls 53, frame 54 and upper plate 55 are same to those of the vertical support 
mechanism of Fig.2. The lower plate 51 is provided with an uprising portion 51a at 
periphery thereof, so that the lower plate 51 has a flat-vessel shape and is filled with 
the adhesive fluid. The adhesive fluid 56 can decrease the rotation of the rotor 52 due 
to vibration, and also can prevent the rotor 52 and the small balls 53 from rusting. 
Alternatively, the upper contact surface of the rotor 52 provided on side of the upper 
structure 2 may be designed to a concave curved surface. 

Such vertical support mechanism 5 can bear the load in vertical direction while 
supplying the restoring force and decreasing the vibration. 
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Abstract of JP20001 04420 
PROBLEM TO BE SOLVED: To prolong the 
natural vibration cycle of an upper structure by 
absorbing the horizontal vibration of the 
ground with the rolling of a rolling body of a 
vertical support mechanism for supporting the 
upper structure, and giving the restoring force 
and the damping force with a restoring and 
damping mechanism. SOLUTION: A vertical 
support mechanism 3 is installed between the 
foundation 1 and a lower end of each pillar of 
an upper structure, and a restoring and 
damping mechanism 4 is installed between the 
foundation 1 and a foundation beam 2a for 
connecting a lower end of each pillar to each 
other. The vertical support mechanism 3 
supports the upper structure 2 through a 
spherical rolling body so as to absorb the 
horizontal vibration of the foundation with the 
rolling of the rolling body, and the restoring 
and damping mechanism 4 gives the restoring 
force with the shearing deformation of an 
elastic cylindrical body made of the neoprene 
rubber, and gives the damping force with the 
plastic deformation of the core material made 
of lead. With this structure, an elastic constant 
in relation to the shearing deformation can be 
reduced so as to prolong the natural vibration 
cycle of the upper structure 2. The rolling body 
of the vertical support mechanism 3 can be 
supported by a recessed curved surface 
storing the viscous fluid so as to work as a 
restoring and damping mechanism 4. 




Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=JP2000104420«&F=0&QPN-JP200... 12/7/2007 



esp@cenet document view 



http://v3.espacenet.com/textdoc?DB-EPODOC&IDX=JP2000104420&F=0&QPN=JP200... 12/7/2007 



mummff- (jp) (12) H # ^ # (a) ammmmm 

#1112000-104420 
(P2000-104420A) 
(43)^MB M2^4 HUB (2000.4.11) 



(51) Intel' FI T-va-h 

e 0 4 H 9/02 3 3 1 E 0 4 H 9/02 3 3 1 D 

e 0 2 D ZI/3A E 0 2 D 27/34 B 

E0 4B 1/36 E0 4B 1/36 L 



(21)ttlS## 


#«¥11 -303167 


(71)fflKA 


000183325 




(62)4>ao^/K 


#M¥7 -66705Of>§!l 








(22)dl^H 


¥^7^3^2B(199b.3.9-) 












(72)^?g# 


-m 












mm 
















(7f,)^ig# 














mm 
















(7J?)fgW# 














mm 
















(74) A 


100064012 










sea mm 





(54) mm<Dmi i^imm 



(57) imm 

mm) mW:mzmmmW(mmiMm\.znt 
\<zmmM3 5 ^irLxmimzm^fifzw.m 




i(2) 000-1 04420 (P2000-1 04420A) 



i-^tmi^t . ^mwm\mmn\<z^m.(oA-<mi 
i\Lxmmi£^zm^fitzmk<^mmwtt-mm 

[i«5t<ii2] mmyw,i.mmMtnmhm\>z 

[ imm 3 } mmmmm'i^m(mm(r)jsMt . m 

[00 0 1] 

im±mmii]-ixmm^iimmmzm . 
mzimmmm-(,±mmmmz±^^j:mmmm 

[0002] 

immm nmummm-mx'h*). m 
!ii^±*ffljgti(i. ±^^j:mmi,zi>mtmxdizmw\- 

$i^^{ti^{^^^^>^v^. z.(Dfzi^. imm^zji^tlim 

[00 03] z.ff)fmmmm. mmmmrc ix. 
mmsw±mMmzim^iiicDrMmtmm (t 
^vi^-h) ±mmmzm7x:ijm^tm^ 

^ti>i^<:Ob LX. ztitxmmt^tix^^ii^co 

mmm^mi i^m^-mmx-h o , nmmmm^z 
±Mmotmzim $ ti-s mmti j; ^ {c=5r o x v ^ 

I). 

[0004] ±ie«iir?-A^fflV^^ iO{4iJ:i7)J: o ^ffi 

[00 0 5] ^-:trU—y3-A^c0^figa'i.i:ffi4«i: 

Mz±mmmmm^ix7^. ±mmmmm-t 
mm. tfz. 'm^ziiitx7k'^iT\t>](7)mmi,zfi-t& 

[00 06] zcoxo^xmmmxii. ±mmmmmm 

=?■■ A & It LT S:f§ $ ii 1. COX . mm 3- Aco-iiXR^® (C 

x^xmmb ±ummi^ b (omx-m-^mmfi^m^ 
mmti. ±^7^j:mm^^±mmmzmm^m^\ 



[0007] -u. mm:^v4 Y^mm\-^tz%mmm 

mii. 7 mmmm^z xMmm^mifzi^mit tx 
mmm i 3zmt hh(DXh'o. 4-^^ ^mmwnzn l 

Xlimmb±mmi^b^<-i^bti:'^xmW}tliJ\ ± 

^^j:tmm^znixit±mmmxmmL. ±mmi^ 

^li±^^j:mmmmm^titc^^Xd^zy'j:-oX\-^l. 
[0008] 

im-mwiixdbtmm] ttj^ttc-h^^. ±mco 

[0009] -mz^mmmwrnmii. ±a5ffis#;^ 
mm^mmmm±tfziizMzi5:\, -^mmbti z 
bx% D . zh.mmx^iiif±mnmi^'\?K:n^iii 
immmbA.m<tizb^-x-^i. mm 
a'Am^x±mmmm^mihcoxu. ±Mmm 
m^^^(7)MmMmi:mm-:^'2.xm^i-itz^iz, mi 

(7)m^mm^±^<t^:ibti^x'^-f. ■<i:i^«\^2~3 

[0010] imm^zmmmco^jsmx^ 
ti^mMm^b^x-ofz 0 - mnzm-h^^m 
mmifzi^<omwv^'mb^j:'^fz o ix . MMitm 
mi>z^j:ib\'^dmmti^h^. 

[00 1 1 ] mm^y^ ¥^7lim^^^i^<0X'ii 

mmmx-mtw^ t^b^b^t^j:^^b^b xwm 
mKc D , tmmt^xti^tL^ b ^ mm^fim^m^ 
bmti. mwmmb^j:^. xcotzi^x mnixr/^ 
^^^m^.t6fzi^<7)mmmmi'Ztc hb\^o mm^h 

[0012] ifwm. ±M(r)X 0 mm.mzm^x^^ 

tm^mmmmm<. ±mmi^^iz^^j:i$miti^ 
im^tiico^Wii^zmm-t^^b^^x'^. mt^^^m 
mmmmzmm-ti zbtK-^ h^mmm^mt 

h^bXhh. 
[0013] 

mmmmhtz}^m^ ] ±MmAmm-h tz 

mz. *^0j!{±. m^±^zmnMzTmb. zff)TW. 
mmix±mmmmzmif^fitz±mb. ::cd±s^ 
i]-ixmM±mmimmmrm±iz^m^i^Pfi^b 

iMmti'hcoxh'^X. nmM¥U\ mmJUbM 
liilt^Tm&m^comMittmi^b. ZcofMco 

mmmm^^zm<7)4^mt:i^Lxmsmi,zm^tifz 
mm^miif^bt'i^miS.^ii^^bi'mbi-^. 
[0014] :¥m<7)im^j:mimnzi5\-^xii. mzT 
mmmzU b Mm h m^zmmwm'm<rmu & 

[0015] ^wR(r>mm:mim\^zii\^xii. friaffi 
miW-mmmmmAimmmmmmmiix \ ^ 



[00 16] 

[0017] zcotzi6±mmmi±^<^ti6zt^< 

[0018] -mzJU^^'-[m<^M'&mm\^xmt 
mwrmm$mmT ( s e c ) ii. 

T=27r>r (m/k) 

m : m>m.mm'^ 
k : mm'&'m 

=5r D . mm'^m'^m t wm^mm^z iinxwrn 
wmTmth. Lt-L. t^wM)^mmmi)ixii. k 
I) m^zx^x uitMrn^- $ fih (oxmm 

T=27r^ (R/g) 

g : MMmm 

xnk^fi. mtmmmzMti. 

[00 19] z<7)fzi^. mmzm^timmmm 

mmz^^t?> ::ti,zX'ox. ±mmmmmmi,z 

I). 

[00 20] 

mmc^mmmm.] y,T, ±.mmcrmmm^mizm 
-j^^xmmti. 

[ 0 0 2 1 ] H 1 !±, :=^mM<^-'mimxmm:mm. 

[0022] zco-mmmmitm i coMzmy-^ 

y<D±mim2mmifzi.cDxh^ . ±Mmmi¥2 
mmrmK m-mmjm^t^immmn 3 
izX''>x^^^iix^^h. ttzm'&rjmtimm 
m2a tmm 1 1 m^zn^ 7mmm7t:htmmt 
coMiT^mtimTc ■ WMmm4mmtix^^i. 
[ 0 0 2 3 ] 02 (i. ±isiSiisif«ffi 3 ^^tmrnm 
mmxhi. 

[00 24] zmmmmnsa. mm i ±mm^ 

^:m^mmm}m 2 1 . mico^ms 5 ^it ix 
±mm^ 2 0$^mMmm^commi^ 3 2 ^zimti 
m3 3b. zmw3 3k ±mmmii^ 2 1 Mzm 
^tii±m3 4t x±m^mm^tix v ^1, , 

[0025] ±Bm3 5(i«*3 2 tWm 3 t<7) 

mmmt:imtitiMzfymtih i> (^xh d , ^ 
m 3 5 i)mm-ti ^itizx-o x^mi¥ 3 2 t^m 3 3 
^zMixmi^zmm-^^xo^z^^x-yx^^h, 
[ 0 0 2 6 ] 113 tt. ±iefi7c ■ mmmm4 ^9ptmm 



•■(3) 000-1 04420 (P2000-1 04420A) 



mmmxhh. 

[0027] cicostc ■ mmmm4ii. ^r^^rixy^-A 
wp'^^i.3«naf*4 2mmmimm4 1 
titzi,coxh<o. W'&mm4 2^z^mms^zii^ is 

*^4.=5rl.Re«cOS*?4 3*iafeJitiiTi^l., ttz. 

5ittRaft4 2i^t{i. 7mij\^^zwm<^^mmm4 
4timm^tixi^7^. 

[0028] zc^mit ■ wMmm4ii, mmm2t^ 
ymimzm: itz t^^z. mmtim 2 mm^ 
mi. ^'CMfiMzx 'ox±mrm2m7tmm 

■f^hc^^Xhl. tfzi':i-A-hti:lMt4 3(7)mmMI,z 

X'^X7mmmiimm^tii> {><^xhh, 
[0029] cico j: 0 t^m^t. --mzi!m.-n^mm 
■k^tt fz^\>zm\^ ^fihi> cnx% h imimx 

\m 2 {z5k^'gm.-mmm 3 c x ->xfm-^^mmt 
-m^fix^''-) , n 3 [z^t^m\mitii)m^-iii.if 

42mmm.t. mmm.^^-th^^\,z^'<.x±^ 
\zm:fh z t ^<x^ . ^A^mm^i^znt^ Pttm^ 
4n$ < LT , ±mmi^ 2 m9mmi:^< m^ti z 

[0030] ia4{i, ^mM<^m2cDmMMxhi^ 

mx'hh. 

[003 1 ]^ com^nmm 5 m§i ^rmdicoi 
ffl(±, mmmmictc-^xti^. zmm±m~m 
lEijjft 5 2 mifrh J; 9 ic^ o T r> § . i com^nm 
m5cDimm&. -^s ok®* 5 2 . 3 . #*5 
4 i t/-±« 5 5 iiii 2 (CTi^tifittSitiiii 3 1 [Bi t i 
^7);f>iffli^4,n-cvAi.. tfz. ±BTm5i(DmmiziiiL 

6{±. m))m2mmmxm^it^iz. mmm^ 

h(7)X$) 0 . Ik»(*5 2ioi;li^'/MS5 3 
dmf^LXi^i^\ 

[oo32]c:coj;a ^lSitS:#ii«5T'«, isa^it] 
[ 0 0 3 3 ] 0 1 Lfzmmmmm)m^i]-ix±m 
m. mmmmmimtmxm^'^ hti^ i^(r)i.zwch-f. 

m^^xmm(^h(r)t:m\-^tZtifiX'% . ^<^\^<-yt^<7) 

m^mztmti. 

[0 0 34] m5fiXi/meim7tiib'mbmxiT^ 
iiJ^i-^zbti'^x^ mmmii^r^i-i:j<7)Xh^, 
[ 0 0 3 5 ] 0 5 t;*-r^@ 1 3 tt, mn~nm(^y u 
-A 1 3 1 comm^j:tmnm^m 1 3 2 izx-^xm 



(4) 000-1 04420 (P2000-1 04420A) 



3 3 tmWMm^ZtM^ $ ixT ±g|5|i3i#: 2 c07j<¥^»J*^' 

3-f;WA'^.l 3 4 0TS{i:»^H:|iIS$iiTV^-S. t 

3 5 fcffiS § iiT is D , 3 1 3 4 ^7)^15 (CM 
[00 36] 1 3T1i, ±gP«jt*2c7) 

i'M1i!in<^^mz^m-^ti. 3 1 3 4 i o T 

[00 3 7] me^z-jjktmwiAii. T^i4ifc±« 

1 4 3 i: 1 4 2 r ISittziSS tT 

Vi|,. icOj;3^,-gSt1i:S^iigl51^l4 2>:«t(cS5Wl 

4 2 h ^opaitmifi 1 4 4 0 . mmm 
«*>'^ ^ < M^SJ)^*^:^^ V ^ . y^/i' L . mm 1 4 2 

tt^^i^lfc^i. J; 3 ^cl^S$i^/i2S<7)g^^ffl^.^^^e^ 

mm I. 

[0038] mit-m 1 1 tx'iz^fki-mwiiyi^'^m 

[ 0 0 3 9 ] [17 tCS^t^S 1 5(i:, Jimtf*2 cOlS 
1 5 1 iifnt%> ^>cr)X%h. 15 Hi. 

$A.mm^zi5^^xmmt Lxm^^^tihi^cDtimn 
ti^<Dx%*). ^mmmmm-^i 5 1 atmmtix 

[ 0 0 4 0 ] Eis ^z^-tmm 1 6{i. 0 5 ^z^tmm 1 
3 1 mmm<^ i ^x% ^tK <r <:ogai:i± 3 s;;^^ 

[ 0 0 4 1 ] 121 9 t7Fi-sa 1 ±Mmm2<D$^ 

1 7 1 immmhxirnLfzhffiX'M . mmtw 
imm^zx-ixm^o^^^^^ii itim'^>,z^L. z 
(/^KWhxmmmw 2 ^zmjc^) ^<r> 

xhh. 

[0 0 4 2] HI 0!C^-tgSl Sii. m3\z^<t^^W. 

4 h\v,m t{,(^x-hhtK ^<nmm.xu^^i)-h^j:i>its 
mm^^hixxhhir. ±{zm7t-)]mH--fhfzmzm 

[004 3] 01 H=S^1-^l-19{i. TWLl9mt 

ixmm^zm'^^fitimn^i 9 2 af^^^mmcomxm 
19 2b i^mk^tifzTnm 1921. ±is 1 9 4 ^^r 
Lx±mmmw2izm^-^ixtzmm 1 9 3 aTfj^iJ^sa^o 

19 3b d l^zmf^ilfz± 



gPttl 9 3 hT-±^i5A^'«$tl. 9 2BJ;lX 

±a5i^ 1 9 3 cDm^mm^xmz:f]^7i.'^ aid (cims 

[0044] zcoms 1 9 t-tt. ±mmmi^ 2mmi 
b t^mmz^m- 1. 1 wtm^ 192b, 193b 
tcft}f^i^*%t. z<7)m^mm^7T:mmzm^ok 
t^Mzi -^x±^mmi^2(zm7t:^tim^^tii « 
[ 0 0 4 5 ] 11 1 2 ^z^s-tmm 2 on. mmm^ti 
mmxh 0 . ; (ommxmmmmm^ § ii/-c^§s 2 

0 1 OEffl{i:¥iat3=5r T 0 . igBifit* 2 

^iTH«iaiiffli:*rr6]-r^njBiK2 o 2(^Tmhw-^m 

[0046]^^^i:'3 ^Mi±Mi5tf*2 
(::M5^4t^rv«t%(cfflv>^,ix. ^§§2 0 icOJgffi 
t RffM 2 0 2 c7)Tffi i: cOPBl^ttttel#:fc J: o xmmti^ 

[0047] 

mxn. mm^:ittx±^mmmzmi-imiTm 
immmmx^ . tmm^z^^mmi^commti^m^-^ 

mmii^tt^x-^i. 

mi ] ^^wM^mimmmm^mmmm^^-m 

[02 ] 13 1 izTT^-tmmmmmmmmx'hi,. 
[133 ] 0 1 tc^RtfiTc • mmmmmmmmxh 

[134 ] ^%mcDm2mtmnzi$uM^nmm<^)mm 
mmmxhi'. 

[135 ] fiTc • wmmm<7)mi^stmmmmxhi. 
[06 ] fiTc • M^M^i<7)0ij^^"ritB&ffiB£0-c'S)i.. 
[07 ] mTmmm^^-m^mmxhi. 

[08 ] llTclilf c7)M^5^-riE0tm0-C-$) I . 

[09] iiTciiffliof^j & ^.tmmmxh i> o 

[010] fl7Ea«cO^J^S^tM^fft0f^il., 

[011] mmmm^^i-mmmmxh^. 

[012] M«««iOM&S^-rM«0-C'*l.„ 

[^f-f-coijiBJ!] 

1 

2 ±nmmit^ 

3, 5 iSii^fiiim 

4 fl7C-«S}i^ 

3 1. 5 1 TU 

3 2, 5 2 ^il* 

3 3, 5 4 fit* 

3 4, 5 5 ±m 

3 5. 5 3 /h« 

5 6 



;(5) 000-104420 (P2000-104420A) 




///////ZjC ^ 

— ""I xjP^ — — "5 



:(7) 000-1 04420 (P2000-1 04420A) 




